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ABSTRACT
Pleuronectiformes (flatfishes) occur throughout the global oceans, and have high
ecological and commercial importance in some areas. Though much is known regarding
life history, abundance, and distribution for the benthic adult stage of flatfish species, much
less is known about the pelagic larval phases of flatfishes in the open ocean. Taxonomic
uncertainty and limited sampling in the oceanic Gulf of Mexico contribute to data gaps
with respect to the distribution of early life history stage of flatfishes in this region.
Knowledge of the faunal composition, abundance and distribution of larval flatfishes, such
as members of Bothus, which have extended pelagic phases, is important for modeling their
population dynamics as well as for understanding the importance of connectivity between
neritic and oceanic ecosystems in their life histories. Pleuronectiform specimens utilized
in this study were collected in the northern offshore Gulf of Mexico during several cruises
conducted throughout 2010-2011 as part of the NOAA Natural Resource Damage
Assessment (NRDA) after the Deepwater Horizon Oil Spill (DWHOS). The Offshore
Nekton Sampling and Analysis program (ONSAP) was established to determine
composition, abundance and distribution of deep-water invertebrates and fishes in Gulf of
Mexico waters that were potentially affected by the DWHOS. Results of the first largescale discrete-depth distributional analysis of fishes in this region revealed that flatfishes
were an intrinsic component of the oceanic ichthyofauna of these waters. A total of 2365
flatfish specimens were collected in offshore waters, representing four families and 11 of
the 18 genera that occur in the Gulf of Mexico. Species composition was dominated by
members of the genus Bothus, which had a high frequency of occurrence in the epipelagic
zone throughout the year. Citharichthys spilopterus and Trichopsetta ventralis were the
second- and third-most abundant and frequently occurring taxa, respectively. Detailed
spatial analyses of taxa in the epipelagic zone revealed that larvae of Citharichthys
spilopterus were only collected in winter and occurred most frequently near the continental
shelf break, while early life stages of Bothus spp. were more abundant at the northern
convergence flow of a large anticyclonic Loop Current eddy during spring and summer.
Keywords: early life stages, offshore, oceanic Gulf of Mexico, Loop Current
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INTRODUCTION

General Background.
Pleuronectiform fishes have a nearly global distribution from the southern Arctic
Ocean through equatorial shelves, to continental seas off Antarctica.

Adult marine

flatfishes occupy a wide range of bathymetric habitats from shallow shorelines to the outer
margins of the continental shelf, with a depth range up to 2000 m (Munroe 2005). In
general, flatfish species diversity increases along the continental shelf region from northern
and southern polar waters towards equatorial waters, where the tropical and subtropical
continental shelves represent nearly 74% (528 species) of total flatfish assemblage
diversity.

Globally, about 2.5% of flatfish species occur in freshwater, 32.5% in

shallow/neritic environments, 39% on the inner shelf, 23% on the outer shelf/upper slope,
and 3% on the continental slope. Of the 184 species of flatfishes occurring in deep sea
habitats, only about 3% are permanent residents (Munroe 2015a).
Five families and 18 genera of flatfishes occur in the Gulf of Mexico (Munroe
2002a, b, c, d, e; Moretzsohn et al. 2015), of which four genera inhabit the outer continental
shelf and upper continental slope: Chascanopsetta (~650 m depth), Monolene (at least 650
m depth), Poecilopsetta (at least 1600 m depth) and Symphurus (~ 1500 m depth; Munroe
2015a). The remaining 14 genera consist of largely shallow-water species, whose adults
occur in neritic waters on the continental shelf, usually inhabiting depths less than 200 m,
but sometimes occurring up to 400 m (Munroe 2002a, b, d).
Some tropical and subtropical flatfish species are commercially harvested, but the
majority of species are too small and often occur in abundances too low to be of interest to
industrial fisheries (Munroe 2015c). In the Gulf of Mexico, Paralichthys albiguta and P.
lethostigma are the dominant flatfishes harvested commercially and recreationally due to
their excellent quality as food fishes and their larger maximum size (71 and 77 cm total
length, respectively). Species in other flatfish genera (i.e., Ancyclopsetta, Cyclopsetta,
Etropus, Syacium, Chascanopsetta and Gastropsetta), usually those with a maximum size
of 25-40 cm standard length (SL), may also be a component of directed finfish fisheries
(Vanderkooy 2000).

Flatfish species that are economically important have been more

extensively studied than species of little or no economic value to fisheries; therefore, the
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biology of many non-commercial but numerically abundant and ecologically important
species is largely unknown (Munroe 2015c).

Pelagic Larval Phase.
The distribution of adult and juvenile flatfishes is well studied in certain
ecosystems, such as those on the continental shelf and in shallower bays and estuaries.
However, even for flatfishes inhabiting these systems, the overall distribution and habitat
use of the pelagic larval phases are less well known, due in part to the difficulty in sampling
open ocean ecosystems. Some flatfishes, like many marine fishes, have spatially distinct
spawning and nursery areas (Duffy-Anderson et al. 2015). Many species of flatfishes that
occur on the continental shelf generally spawn in water deeper than that of their juvenile
nurseries, and larvae drift in the offshore pelagic environment before being transported to
shallow inshore habitats prior to settlement. For these species, the pelagic larval phase
provides life-stage connectivity between offshore spawning and inshore juvenile nursery
areas.
The inherent difficulty with this life-history strategy is the successful transportation
of post-larvae and pre-settlement juveniles to a location that exhibits taxon-specific habitat
and prey requirements (Duffy-Anderson et al. 2015). Though flatfishes have a broader
geographical target for nurseries than do reef fishes, they have optimal requirements for
temperature, depth, salinity, predator abundance, sediment type and grain size (Bailey et
al. 2005). During settlement, some flatfishes have specific feeding patterns, and their prey
preferences generally change from zooplankton to benthic animals during the transition to
a benthic lifestyle (Minami and Tanaka 1992).

Biological or physical processes

influencing pelagic larval stage survival are therefore a primary source for recruitment
variability in flatfishes, whereby the larval drift period must extend both until suitable
settlement habitat is reached and the larvae are ready to metamorphose (Van Der Veer et
al. 2015). If larvae metamorphose and settle early in substandard habitats, survival will be
reduced.
Utilization of favorable oceanographic conditions enable the transportation of
pelagic larvae to suitable areas for juvenile settlement (Duffy-Anderson et al. 2015).
Suitable nursery areas are generally dependent on habitat structure, as many flatfish species
2

prefer sediment over hard substrata, and species-specific preferences of sediment type and
grain size have been observed in laboratory settings (Gibson and Robb 1992). The three
most important factors that affect growth and survival of juveniles in nursery areas include
food abundance, predation pressure and temperature (Gibson 1994). Flatfishes that spawn
offshore on the shelf/slope region have specific mechanisms and adaptations for larval
transport to nearshore nursery areas, utilizing wind-driven Ekman currents, fronts, eddies
or other stable oceanographic features to achieve cross-shelf transport (Duffy-Anderson et
al. 2015). Generally, deep-water species spawn early in the year and have larger larvae
that generally spend more time (more than three months) in the plankton and
metamorphose at a larger size (> 25 mm SL; Minami and Tanaka 1992). Larvae with a
small size at transformation (< 10 mm SL), have a shorter pelagic duration of less than one
month (Bailey et al. 2005).
Ichthyoplankton assemblages in neritic and oceanic waters of the Gulf of Mexico
have been well studied, due in part to the large amount of data generated from the National
Marine Fisheries Service (NMFS) Southeast Area Monitoring and Assessment Program
(SEAMAP), established in 1982 (Ditty 1986, Ditty et al. 1988, Lyczkowski-Shultz et al.
1990, Richards et al. 1993, Sanvicente-Añorve et al. 1998, Flores-Coto et al. 2000,
Hernandez et al. 2010, Flores-Coto et al. 2014). Distributional analyses for a diverse
collection of larval fishes have been conducted in the northern Gulf of Mexico: Brevoortia
patronus, Micropogonias undulatus and Leiostomus xanthurus (Sogard et al. 1987),
Rachycentron canadum (Ditty and Shaw 1992), Pomatomus saltatrix (Ditty and Shaw
1995), Mugil cephalus and Mugil curema (Ditty and Shaw 1996), Cubiceps pauciradiatus
(Lamkin 1997), Carangidae (Ditty et al. 2004), and Epinephelini (Marancik et al. 2012).
A few studies have analyzed larval flatfish assemblage and distribution in the Gulf of
Mexico (Kuhn 1979, Dowd et al. 1981, Tucker 1982, Flores-Coto et al. 1991, Flores-Coto
et al. 2000, Muhling et al. 2012); however, these studies are restricted to those species
occurring in continental shelf and nearshore environments. Studies describing larval
flatfish distribution in the offshore pelagic environment are severely limited, and have only
been conducted for larvae of a limited number of species of Bothus that occur in the
northern Atlantic (Kyle 1913, Evseenko 2008b).

3

Larval flatfish assemblages in offshore pelagic waters of the Gulf of Mexico remain
largely under studied and undescribed. The main challenge in studying larval and juvenile
Pleuronectiformes is that there remains substantial taxonomic uncertainty regarding genusand species-level identifications. To date, the larval phases of nine species and two genera
of flatfishes occurring in the Gulf of Mexico remain formally undescribed (Farooqi et al.
2004, Lara 2004, Lyczkowski-Shultz 2004, Lyczkowski-Shultz and Bond 2004, Zapfe
2004). Additionally, the difficulty in sampling larval flatfishes in open ocean ecosystems
has contributed to a lack of understanding of the importance of connectivity between
epipelagic coastal and oceanic realms with respect to the life history of these species.

Classification & Phylogeny.
Flatfishes are recognized as the third most speciose order of marine euteleosts
(Munroe 2015b), and are characterized by three synapomorphies: (1) cranial asymmetry as
a result of the migration of one eye to the opposite side of the head in late development;
(2) anterior position of the dorsal fin origin; and (3) the presence of the recessus orbitalis,
an accessory organ enabling the eyes to protrude beyond the plane of their bodies, allowing
them to see when buried in the substrate (Chapleau 1993). Though traditionally thought to
be monophyletic (Chapleau 1993, Cooper and Chapleau 1998, Azevedo et al. 2008), recent
studies by Campbell et al. (2014) using whole mitochondrial genome sequences have
shown weak support for pleuronectiform monophyly; however, Betancur-R and Ortí
(2014) presented a counter argument which supported the monophyly of this group. These
and other studies (Hensley 1997, Berendzen et al. 2002, Campbell et al. 2013) suggest that
further phylogenetic analyses are needed to elucidate the question of a polyphyletic versus
monophyletic origin for the flatfishes. Increased taxonomic resolution of early life history
stages (i.e. “ontogeny recapitulates phylogeny” (Stauffer 1957)) would undoubtedly aid in
these analyses.
The Order Pleuronectiformes contains more than 800 extant species (Munroe
2015a), consisting of 123 genera and 14 families, and is well represented in the Gulf of
Mexico (51 species, 18 genera and 5 families; Munroe 2002b, Moretzsohn et al. 2015,
Munroe 2015b). Since the extensive monograph by Norman (1934) investigating flatfish
classification and phylogeny, many of the relationships among taxa within the order have
4

been described (Ahlstrom et al. 1984, Chapleau 1993). However, the relationship between
the life-history stages for a majority of species within this order remain unknown, and many
uncertainties remain in our current knowledge of the transitory larval and juvenile stages
of flatfishes. Many studies have described the complete life-histories of temperate species
of flatfishes, but the life-history stages of most tropical and subtropical species remains
relatively unstudied.

Morphological and Life-History Characteristics.
All flatfishes are oviparous, and a majority of species spawn buoyant pelagic eggs,
whereas only a few species (three species in the NW Atlantic Ocean) produce demersal
eggs (Rijnsdorp et al. 2015). A single oil globule is present at the surface of the egg yolk
in all flatfish families found in the Gulf of Mexico (Lara 2004), whereby the transition
from egg to embryo occurs when the egg membrane ruptures (Balon 1975). The transition
from exclusively endogenous to exogenous feeding marks the switch from embryo to larval
stage, which lasts until notochord flexion and ossification of the axial skeleton (Balon
1975).
During the larval phase, flatfishes exhibit bilateral symmetry, a unique stage in their
life cycle when they share this characteristic with all other species in the Teleostei. The
larval stage is divided into three sub-stages based on the degree of notochord flexion during
caudal fin development (preflexion, flexion, postflexion; Ahlstrom and Moser 1976). Postlarval characteristics useful for identification can be divided into two categories, permanent
and transitory. The permanent features include migration of the eye, growth of the pelvic
and caudal fins, and enclosure of the abdomen. The transitory features include temporary
organs that develop during the post-larval stage and disappear at or before transformation
such as the swim bladder, post-larval teeth, spines and pigmentation (Norman 1934,
Gutherz 1971).
The juvenile phase begins at the onset of transformation, when flatfishes develop
specialized features that are characteristic of their order. Transformation occurs over a
wide range of sizes, with a minimum of 5 mm SL (e.g., Achirus lineatus), to a maximum
of 120 mm SL for the bothid Chascanopsetta lugubris, the largest planktonic fish larva
known (Amaoka 1971, Osse and Van Den Boogaart 1997, Lara 2004). Transformation of
5

larvae of specimens within the Pleuronectiformes is a unique process among fishes during
which one of the eyes, the left in dextral and the right in sinistral species, migrates around
or through the head to a position dorsal to the non-migrating eye (Brewster 1987).
Reversals can exist where an individual of a species in a normally dextral genus may
develop as a sinistral individual (Norman 1934). The relative rarity or regularity of this
phenomenon is species-dependent, as is the nature of migration of the eye and is a
characteristic for classifying the genera (Lara 2004).
In addition to eye migration during transformation, other metamorphic changes
occur: the gut retracts within the ventral body line, one of the pectoral fins shrinks, pectoralfin rays form, pigment increases on the ocular side, larval spines are lost, elongate fin rays
assume their juvenile proportions, swim bladder (if present) is lost, scales form, and
ossification of the vertebral column and other bony structures is completed (Fahay 1983,
Ahlstrom et al. 1984). Metamorphosis not only denotes the transition from larva to
juvenile, but also entails the movement of the fish from a 3-dimensional pelagic habitat to
a 2-dimensional benthic habitat and lifestyle (Norman 1934, Ahlstrom et al. 1984).

Oceanographic Features of the Gulf of Mexico.
The Gulf of Mexico is a semi-enclosed oceanic ecosystem that connects in the east
to the Atlantic Ocean through the Straits of Florida, and in the south to the Caribbean Sea
through the Yucatan Channel. The Gulf of Mexico has 4000 km of coastline, reaches a
maximum depth of over 4000 m and has distinct oceanographic features in its western and
eastern portions (Leipper 1970, Maul 1977).
The Loop Current, the dominant feature of circulation in the Gulf of Mexico,
originates in the Yucatan Straits, where it brings warm, highly saline waters from the
Caribbean Sea into the Gulf. This strong geostrophic current, traveling 2-5 km d-1, extends
northward into the central Gulf, creating an anti-cyclonic turn before exiting through the
Florida Straits, eventually becoming the primary source of the Gulf Stream (Leipper 1970).
Strong seasonal and annual variability occurs in the northward and westward extensions of
the Loop Current (Molinari 1980). Occasionally, the Loop Current will extend over the
northern continental shelf within close proximity to the Mississippi River delta or the
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Florida Panhandle coast, and at other times, it will flow almost directly out through the
Florida Straits (Vukovich et al. 1979, Molinari 1980, Molinari and Mayer 1982).
The boundary of the Loop Current is a highly dynamic zone with meanders, eddies,
and strong convergence and divergence zones, generating cyclonic and anticyclonic eddies
that dominate the circulation in the western Gulf (Oey et al. 2005). Subsequent to the
extension of the well-developed Loop Current into higher latitudes, the retraction of the
current to the south can generate a large anticyclonic eddy that propagates westward at
about 4 km d-1 (Elliott 1982, Dietrich and Lin 1994). These warm core mesoscale eddies,
which can reach diameters of 300-400 km and depths of 1000 m, generally migrate east to
west until reaching the western Gulf shelf, where they disintegrate after a lifetime of days
to 1 year (Elliott 1982, Forristall et al. 1992, Candela et al. 2002, Candela et al. 2003). As
the anticyclonic eddies propagate westward, adjacent mesoscale cyclonic circulations may
develop, which have been shown to have biological importance (Nakata et al. 2000,
Okazaki et al. 2002, Lindo-Atichati et al. 2012). Cyclonic eddies are considered “oases”
of biological production (Biggs 1992), whereas anticyclonic eddies have reduced primary
productivity in surface waters (Zimmerman and Biggs 1999).
As dominant features of the Gulf of Mexico’s circulation, both the Loop Current
and Loop Current eddies have profound effects on ecosystems (Elliott 1982) through the
advection of salt and heat, and through the entrainment and aggregation of planktonic
larvae.

Nakata et al. (2000) suggested that larval growth, survival and subsequent

recruitment in Pacific oligotrophic oceanic waters are dependent on whether and how
frequently the larvae encounter a mesoscale eddy. Okazaki et al. (2002) also proposed that
the entrainment of larvae in cyclonic eddies prevents their horizontal dispersion to
unproductive offshore waters, and provides larvae a favorable feeding ground as a result
of the higher productivity of upwelled water. Eddies in the Gulf Stream are often
characterized by aggregations of phytoplankton (Lee et al. 1991) and elevated fish stocks
(Atkinson and Targett 1983).
Strong frontal gradients in sea surface height and temperature exist between
cyclonic and anticyclonic features in the Gulf of Mexico (Vukovich et al. 1979). Wormuth
et al. (2000) found that biomass of zooplankton and micronekton was higher in cyclone
and convergence regions of the northeastern Gulf of Mexico, compared to anticyclone
7

regions.

They hypothesized that, opposed to the passive physical concentration of

zooplankton, the increase resulted from the upwelling of nutrient-rich water that promoted
primary productivity and supported the increased zooplankton biomass. Micronekton
biomass varied seasonally and in relation to solar cycle (concentrations were higher at night
than day), and the authors indicated that cyclonic areas and surrounding areas may be
favorable habitat for prey of higher trophic levels.
The abundance of larvae of the fish, Cubiceps pauciradiatus, was significantly
positively correlated, both visually and statistically, with the sharp temperature gradients
at the northern edge of the Loop Current, with a tight coupling of adult spawning grounds
and larval habitat, whereby both were most abundant near a temperature front (Lamkin
1997). Other fish larvae appear to be more abundant along Loop Current frontal zones and
cold-core eddy boundaries, including the larvae of Thunnus thynnus, Carangidae and
Myctophidae (Richards et al. 1989, 1993).

Knowledge of the temporal and spatial

variability of currents and mesoscale eddies in the Gulf of Mexico is fundamental for
understanding the larval distribution of pelagic and benthic fishes.
Objectives of this study are to provide a quantitative analysis on the faunal
composition and horizontal and vertical distribution of early life stage flatfishes in the
offshore Gulf of Mexico, and to provide a synthesis of morphological characters to aid in
their identification. We aimed to relate the abundance and spatial distribution of dominant
taxa collected in the epipelagic zone by season, and in relation to large-scale oceanographic
features present in the region.

8

STATEMENT OF PURPOSE
This study will provide the first large-scale distributional analysis of pelagic early
life stage flatfishes in the oceanic Gulf of Mexico. Larval and juvenile flatfishes were
collected during seven large-scale research campaigns in the northern Gulf of Mexico from
2010-2011. Detailed taxonomic resolution, combined with discrete-depth sampling from
the surface to 1500 m water depth, will elucidate seasonal larval distribution patterns
geographically, vertically, and in relation to bathymetry and oceanographic features of the
region. With respect to the difficulty in identifying larval flatfishes and a lack of taxonomic
resolution for early life history stages, a goal of this study is to provide a detailed synthesis
of larval characters useful for the identification of specimens. Here we will define key
morphologic characters to aid in the identification of challenging taxa to the genus- and
species-levels.
Knowledge of the composition, abundance and distribution of pelagic larval
flatfishes will aid in understanding the connectivity between coastal and oceanic
ecosystems. This study will provide quantitative larval flatfish assemblage data that can
be used in population dynamics models, as well as models used for detecting changes in
ecosystem structure due to environmental disturbance. Combining flatfish data with early
life history data from other fish taxa will lead to a better understanding of ecosystem-wide
ichthyofaunal distribution patterns, thereby creating a baseline of biodiversity information
for this assemblage in the oceanic Gulf of Mexico.

9

METHODS
Pleuronectiform specimens utilized in this study were collected in the northern
offshore Gulf of Mexico during several cruises conducted throughout 2010-2011 in support
of the NOAA Office of Response and Restoration Natural Resource Damage Assessment
(NRDA) after the Deepwater Horizon Oil Spill (DWHOS). The Offshore Sampling and
Analysis program (ONSAP) was developed and executed by Dr. Tracey Sutton, NSU, at
the request of NOAA to fill a primary data gap, namely the assessment of the composition,
abundance and distribution of deep-water invertebrates and fishes in Gulf of Mexico waters
that were potentially affected by the DWHOS.

Sample Collection and Processing.
ONSAP sampling was conducted between 2010-2011 aboard two research vessels,
the M/V Meg Skansi and the NOAA FRV Pisces. Specimens were sorted from 1580 pelagic
trawl samples collected during four seasons from a subset of established SEAMAP stations
(Figure 1), all of which had a bottom depth greater than 1000 m. Sampling at each station

Figure 1. Stations sampled by the M/V Meg Skansi during the 2011 Offshore Nekton
Sampling and Analysis Program – symbols are colored based on the number of seasons
(up to 3) each location was sampled.
10

was conducted both day and night, with sampling centered around solar noon and solar
midnight, respectively.
The M/V Meg Skansi 6 (MS6), Meg Skansi 7 (MS7) and Meg Skansi 8 (MS8)
surveys utilized a 10-m2 mouth area Multiple Opening/Closing Net and Environmental
Sensing System (MOCNESS; Wiebe et al. 1985) to sample stations from January 25–April
1, 2011, April 14–June 30, 2011, and July 18–September 30, 2011, respectively. The sixnet MOCNESS, a discrete-depth sampling system, sampled the water column from the
surface to 1500 m depth. Samples were collected with this gear from depth intervals of 0
to 200 m, 200 to 600 m, 600 to 1000 m, 1000 to 1200 m and 1200 m to 1500 m. Pelagic
zones sampled will be hereafter referred to as the epipelagic zone (0 to 200 m), the
mesopelagic zone (200 to 1000 m), and the bathypelagic zone (1000 to 1500 m). The
volume of water filtered was calculated via flowmeter counts and net angle for all M/V
Meg Skansi surveys to enable the standardization of abundance per unit of water volume
sampled. Quantitative pleuronectiform abundance and distribution data for this study were
derived from these surveys (Table 1), of which the MS7 survey coincided with the same
season as the DWHOS one year earlier.
Cruises on the NOAA FRV Pisces sampled stations in the northern Gulf of Mexico
during December 2010 (Pisces 8), March–April 2011 (Pisces 9), June–July 2011 (Pisces
10), and September 2011 (Pisces 12). On all Pisces surveys, a large commercial-sized
dual-warp trawl was deployed during day and night up to 1500 m depth (Figure 2). This
large, non-closing net sampled an oblique “V” from the surface to depth and back to the
surface, as opposed to the discrete-depth strata sampled during the Meg Skansi surveys.
Once samples were retrieved onboard they were fixed in 10% buffered
formalin:seawater and later transferred to 70% ethanol:water. Initial processing of fish
specimens was completed by members of the Oceanic Ecology Laboratory at the Nova
Southeastern University Halmos College of Natural Sciences and Oceanography. This
process included the taxonomic identification and quantitative analysis of all fish
specimens collected.

More than 2000 pleuronectiform specimens were individually

curated for further taxonomic analysis, and once identified to the lowest taxonomic level
possible, a range of standard lengths in millimeters and wet weight in grams was recorded
for each taxon.
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Table 1. Summary of quantitative sample data for all three M/V Meg Skansi surveys
(January – September 2011) in the northern Gulf of Mexico during the Offshore
Nekton Sampling and Analysis Program, D=day, N=night

Survey

MS6

MS7

MS8

Depth
Interval (m)
0-200
0-200
200-600
200-600
600-1000
600-1000
1000-1200
1000-1200
1200-1500
1200-1500
0-200
0-200
200-600
200-600
600-1000
600-1000
1000-1200
1000-1200
1200-1500
1200-1500
0-200
0-200
200-600
200-600
600-1000
600-1000
1000-1200
1000-1200
1200-1500
1200-1500

Solar Cycle
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N
D
N

No. of Samples
29
30
29
29
28
21
18
17
13
15
36
36
39
44
39
43
31
28
26
25
43
44
54
50
52
50
35
38
34
37

Combined
Volumes (m3)
833753.7
845665.3
1545242.6
1352277.6
1311798.1
1023958
435964.8
397077.6
503614.3
561721.2
906323.4
964496.5
2165892.1
2476442.7
1873709.7
2264991.3
818874.1
892307.6
1110946.1
1151928
1143700.3
1171327.1
2152059
2287364.8
1739606.54
1893681.26
726775.85
806058.2
982576.4
1046315.5
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Figure 2. Stations sampled by the NOAA FRV Pisces during the 2011 Offshore
Nekton Sampling and Analysis Program – symbols are colored based on the
number of seasons (up to 4) each location was sampled.
Taxonomic Identification.
Taxonomic identification of specimens was completed to the lowest taxonomic
level possible. As a result of the high taxonomic uncertainty that exists for early life history
stage Pleuronectiformes, a majority of specimens were identified to the genus level.
Specimens were identified to the species level if only one species of that genus occurred in
the Gulf of Mexico (i.e., Trichopsetta ventralis, Chascanopsetta lugubris, Engyophrys
senta and Monolene sessilicauda). One species of Citharichthys (C. spilopterus) was
found to be identifiable to species because of its distinctive morphology and pigmentation,
whereas all other specimens of Citharichthys were only identifiable to the genus-level.
Quality Assurance/Quality Control with leading flatfish expert Dr. Joanne LyczkowskiShultz (NOAA/SEFSC/NMFS/Mississippi Laboratories) was conducted for all taxa
identified.
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Data Analysis.
Overall faunal composition was described for individuals from all surveys using
both MOCNESS and commercial-sized trawl gear (MS6, MS7, MS8, PC8, PC9, PC10,
PC12). Total counts of individuals were separated by life-history stage: larval stage
specimens exhibited notochord flexion, transforming larvae were in the process of
transformation, and specimens in the juvenile stage had completed transformation.
In order to assess taxonomic selectivity of the MOCNESS versus large, dual-warp
trawl gear, a Spearman rank correlation coefficient (rs) was calculated (Equation 1), where
d2 is the square of the differences between the ranks from each gear type and n is the
number of taxa. The number of individuals per taxon or taxon group (i.e., species group
designated as spp.) was standardized per one thousand minutes of water filtered to compare
the abundance of specimens collected on all surveys. All specimens were ranked in order
of abundance, and in the situation where two or more ranks were tied, they were given the
average of the tied ranks. A scatterplot of catch per unit effort as a function of gear type
per taxon was generated to visualize the strength of association between the ranked
variables.

Equation 1.

rs = 1 -

2

6∑d
3

n -n

Seasonal, spatial and faunal assemblage abundance was determined using
quantitative samples for which reliable flow data were available.

Abundance was

determined by standardizing the raw count of individuals collected by the volume of water
filtered (m3). Diel vertical distributions for all M/V Meg Skansi surveys were determined
by standardized abundance per depth interval sampled, per taxon, for both day and night
collections. Flatfishes were generally collected in higher numbers at night; therefore,
seasonal occurrences of the top three most abundant taxon groups were determined using
cumulative abundance of all quantitative nighttime samples taken aboard the M/V Meg
Skansi. In order to determine if the day and night catches for the top three taxon groups
were statistically significant, a two-sample non parametric Wilcox test was performed.
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The size range (mm SL) of the most abundant pleuronectiform taxon group was
analyzed per survey to determine if an ontogenetic migration was responsible for
specimens that occurred at depths greater than 200 m. Percent frequency of occurrence per
taxon or taxon group, separated into day and night solar cycles, was determined by dividing
the total number of trawls in which a taxon occurred by the total number of trawls that were
conducted in the epipelagic zone. Standardized abundance and spatial data for flatfish
specimens collected between 0 and 200 m were analyzed in ESRI ArcGIS 10.3 (ArcGIS)
in order to visualize the offshore spatial distribution in the epipelagic zone. Horizontal
distribution of taxa was determined for the top three most frequently occurring taxon
groups across all M/V Meg Skansi surveys.

Spatial Interpolation.
Geostatistical methods are commonly used to describe how spatial data are related
over distance and direction. Spatial interpolation of discrete data enables a larger-scale
view of point-source data, therefore this method was utilized throughout this study.
Abundance data was interpolated into a volume using a triangulation-based linear
interpolation in MATLAB to generate a three dimensional view of the abundance of the
dominant flatfish taxon group collected. The spatial resolution of the grid over which data
was interpolated was 0.25° latitude and 0.5° longitude, from 0 to 1500 m.
Ordinary Kriging is also a common method used to interpolate discrete spatial data,
and it is best to be used with data whose locations are fairly dense and uniformly distributed
throughout the study area. This method was utilized in this study to describe the spatial
relationship of the dominant flatfish taxon group collected at depths greater than 200 m
with depth. Vertical distribution was examined using depth of occurrence at night (diel
period of highest capture rate) to show spatiotemporal variation with season. Threedimensional Ordinary Kriging combining both horizontal and vertical distribution
information was conducted in ArcGIS using the variables latitude, longitude and depth of
occurrence. The median of the depth interval where specimens were collected was used to
determine depth of occurrence (i.e., specimens collected between 600 and 1000 m were
indicated as occurring at 800 m depth, and those collected between 0 and 200 m were
indicated as occurring at 100 m depth, etc.).
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The spatial relationship of the abundance of the dominant flatfish taxon group
occurring in the epipelagic zone was also examined by Ordinary Kriging in ArcGIS using
the variables latitude, longitude and abundance. Flatfish data collected from quantitative
night tows during M/V Meg Skansi 6, 7 and 8 were utilized for all interpolation methods.

Oceanographic Features.
Sea surface speed and direction are important environmental variables used to relate
biological and oceanographic data. Sea surface height (SSH) is an environmental proxy
commonly used to identify different water masses and describe mesoscale oceanographic
features in large ocean basins, including the Gulf of Mexico. Global HYbrid Coordinate
Ocean Model (HYCOM) is a global ocean prediction model of the surface mixed layer.
Real-time HYCOM can generate snapshots, animations and forecast verification statistics
for SSH, sea surface temperature, surface currents, subsurface temperature and salinity.
Gulf of Mexico HYCOM data utilized in this study had 1/25° equatorial and latitudinal
resolution, and was obtained from the Naval Research Laboratory, Ocean Sciences Branch,
at the Bio-Optical, Physical Processes and Remote Sensing Section Stennis Space Center,
Mississippi.
In the study area, the position of the Loop Current and eddies could be identified
as regions of higher SSH relative to other “common water” regions of the Gulf of Mexico,
and were characteristic of an anticyclonic direction of rotation of surface currents.
Convergence flows between cyclonic-anticyclonic interaction zones surrounding the Loop
Current and associated eddies could be visualized by a relative increase in velocity of
surface currents.
Georeferenced abundance data from the MS7 survey were plotted over HYCOM
showing SSH and surface currents during the three-month sampling period to compare the
epipelagic distribution of the dominant taxon to mesoscale oceanographic features present
(Figure 3). The four dates spanning the MS7 sampling period were chosen to demonstrate
variability in the Loop Current throughout the survey: 23 April, 12 May, 31 May and 19
June 2011.

HYCOM SSH and surface currents were also utilized to view mesoscale

oceanographic features present during the MS8 survey sampling period.
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Figure 3. HYCOM data of sea surface height and surface currents in the northern
Gulf of Mexico, showing the large anticyclonic Loop Current eddy “Galileo” that was
present throughout the MS7 sampling campaign
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RESULTS

A total of 2365 pleuronectiform larvae and juveniles were collected during seven
ONSAP surveys. Pleuronectiformes were collected in 31% (484) of all pelagic trawl
samples. Of the flatfish specimens identified, 74.3% were identified to the genus level,
25.5% to the species level, and 0.2% to the family level.

Synthesis of Larval Characters for Taxonomic Identification.
In the following paragraphs, detailed description of key taxonomic characters
useful for identification of pleuronectiform larvae to the lowest taxonomic level is
presented.

Bothidae (Lefteye flounders):
Five valid genera and eight species of bothids occur in the Gulf of Mexico. Larval
bothids have an extremely laterally compressed body and a relatively large size at
transformation (e.g., Chascanopsetta lugubris, > 120 mm SL). The placement and nature
of fins are also characteristic of bothids: the dorsal fin originates anterior to the eye; the
first or second dorsal-fin ray is elongate in early larvae; dorsal and anal-fins have
numerous, small finrays and no spines, and both fins extend to the caudal-fin base, making
the caudal peduncle very short or absent (Lara 2004). Larvae of bothid genera can be
differentiated from larvae of the Paralichthyidae through the mechanism of eye migration,
where the right eye migrates to the left side of the head through a slit or hole that forms
below the anterior base of the dorsal fin. Meristic features and larval series descriptions are
known for seven of the eight species occurring in the Gulf, with larval series of one species,
Bothus robinsi, remaining undescribed (Lara 2004).

Bothus — Pelvic fin position is a primary character for identifying members of the genus
Bothus, where the left pelvic-fin base is on the ventral midline, whereas the right base is
above the midline (Fahay 1983).
significantly longer than the right.

Also, the left pelvic-fin base in these larvae is
Larvae of Bothus spp. are extremely laterally

compressed and they have a generally round body shape and small eyes relative to these
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features in larvae of other bothid genera. Four species of Bothus occur within the Gulf of
Mexico: B. maculiferus, B. ocellatus, B. robinsi and B. lunatus. Consistent with the level
of our understanding for many flatfish larvae, our knowledge of the early life history of
these four species of Bothus is limited. Two of the four species occurring in the Gulf (B.
ocellatus and B. lunatus) have described larval series, B. maculiferus is described by
meristic features only, and B. robinsi remains undescribed (Lara 2004).
Meristic characters of the dorsal and anal finrays can be used to separate specimens
into two taxon groups: B. lunatus/B. maculiferous and B. ocellatus/B. robinsi.

The

remaining known meristic characters overlap broadly, making it difficult to identify
specimens any lower. Though larvae of B. robinsi remain formally undescribed, Evseenko
(2008b) suggests that larvae of B. robinsi are indistinguishable from larval B. ocellatus in
external characters, and that the serial larval description of B. ocellatus may be based on a
mixture of specimens that included larvae of B. robinsi. Since taxonomic uncertainty is
exemplified in this genus, all specimens in this study were identified as the taxon group,
Bothus spp.

Engyophrys and Trichopsetta — Two bothids with a similar morphology that occur in the
Gulf of Mexico are Engyophrys senta and Trichopsetta ventralis. Pelvic fin placement
cannot be used to differentiate between these genera, as both have a left pelvic-fin base that
is slightly longer than the right, with the left base on the ventral midline and the right base
above the midline (Fahay 1983). Larvae of T. ventralis possess serrations on the urohyal
(10-15) and basipterygia, and larvae 17 mm SL and larger have a series of pigmentation
spots on the left side of the body near bases of the anal and dorsal fins, and along the
midline of the body. Larvae of E. senta have a higher count of serrations on the urohyal
(20-27), as well as spinous serrations on the cleithra and basipterygia compared to those of
T. ventralis. Engyophrys senta have three to four spines on the otic capsule, a relative lack
of pigmentation and a smaller size at transformation compared with those features in T.
ventralis. Both E. senta and T. ventralis have a larger eye relative to larvae of species of
Bothus, and both species can be separated from each other by meristic characters of the
dorsal and anal fin rays.
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Chascanopsetta and Monolene — The largest known larval teleost, Chascanopsetta
lugubris, has a highly elongate body and a gut that protrudes extensively past the ventral
body margin. Chascanopsetta lugubris can be differentiated from Monolene sessilicauda
larvae by the presence of pigment at the base of the pterygiophores and a larger size at
transformation (120 mm SL). Lengths of the first and second dorsal-fin rays are key
diagnostic characters for each of these species. In larvae of C. lugubris, the second dorsalfin ray is elongate, whereas in larvae of M. sessilicauda, the first dorsal-fin ray is elongate
(Lara 2004). Monolene sessilicauda has a smaller length at transformation (30-33 mm SL),
a gut that protrudes only slightly past the ventral body midline, and also has a strong
“sheath” around the base of the elongate dorsal-fin ray.

Poecilopsettidae (Bigeye flounders):
The Poecilopsettidae is represented by one genus and two species in the Gulf of
Mexico, with Poecilopsetta beanii the most likely species to occur in the Gulf (T. Munroe
pers. comm.). After transformation, poecilopsettids maintain both eyes on the right side of
the head, have an oval body, a distinctly wide semitransparent pterygiophore zone, and
symmetrical pelvic and pectoral fins. Meristic characters of the two species are known,
though they overlap broadly. Differentiation of species is possible by number of lateralline scales (only developed in adults), and presence of a single row of teeth on the blindside jaw (P. inermis) or a double row of teeth on jaws on both the ocular and blind side (P.
beanii) (Lyczkowski-Shultz 2004). Future work could involve determining whether this
is a reliable and consistent character, or if it changes with development (J. LyczkowskiShultz pers. comm.). In this study, all specimens in this family were identified as
Poecilopsetta spp.

Paralichthyidae (Sand flounders):
The family Paralichthyidae is represented in the Gulf by 25 species in eight
recognized genera. Paralichthyids are generally sinistral (dextral individuals are rare), and
the dorsal and anal fins are not confluent with the caudal fin (Lyczkowski-Shultz and Bond
2004). Problems in the identification of flatfish larvae are exemplified by this family, as
the larvae of nine species are undescribed. The family is divided into two morphologically
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distinct groups: the Paralichthys group and the Cyclopsetta group (Ahlstrom et al. 1984,
Lyczkowski-Shultz and Bond 2004). Initial assignment of individuals to either group is
dependent on the orientation and placement of the pelvic-fin base (Fahay 1983). Within
the Paralichthys group, larvae of two genera are described (Paralichthys and
Hippoglossina) and larvae of two genera are undescribed (Ancyclopsetta and
Gastropsetta). In the Cyclopsetta group, the larvae of only a few species in all four genera
have been described.

Citharichthys — Larval series characteristics of three of the nine species of Citharichthys
occurring in the Gulf of Mexico have been described. Citharichthys, Cyclopsetta and
Syacium larvae all share the same pelvic fin orientation, whereby the left pelvic-fin base is
longer than the right, the origin of the right is anterior to the left, and the right base is lifted
above the ventral midline (Fahay 1983). Larvae of Citharichthys spp. are characterized by
moderate to heavy pigmentation laterally on the tail and over the notochord, and the lack
of preopercular and cranial spines, which differentiates them from larvae of Cyclopsetta
spp. and Syacium spp. (Lyczkowski-Shultz and Bond 2004). The majority of larval
specimens belonging to the genus Citharichthys were not identifiable below genus because
of the high taxonomic uncertainty that exists – six of the nine species that occur in the Gulf
of Mexico have undescribed larval phases.
However, one species of Citharichthys was identifiable to species because of its
distinctive morphology and pigmentation. Larvae of C. spilopterus have a small size at
transformation (9-11 mm SL), characteristic pelvic fin development and orientation for
members of Citharichthys, two elongate dorsal-fin rays and a very blunt snout and steep
forehead. Pigmentation was also a primary character used for identification, with one to
two, distinct, pigmentation spots on the swim bladder (Tucker 1982, Lyczkowski-Shultz
and Bond 2004). In this study, the pigmentation spots were the most pronounced and best
observed on the left side of the body.

Etropus — Due to the similarity in body morphology, larvae of species of Etropus and
Citharichthys represent the most difficult to identify among paralichthyids (LyczkowskiShultz and Bond 2004). The key character used to identify larvae of Etropus spp. is the
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presence of pigmentation in the pectoral fin axilla, which is absent in larvae of species in
Citharichthys. Etropus larvae lack preopercular and cranial spines, and have a body
pigmentation that conforms to that of Citharichthys larvae. Since the larval phases of only
three of five species of Etropus have been described, all specimens in this study were
identified as Etropus spp.

Cyclopsetta — Two species of Cyclopsetta are found in the Gulf of Mexico, of which the
larval stage of only one (C. fimbriata) has been described. Therefore, all specimens
belonging to this genus were identified as Cyclopsetta spp. Larvae of Cyclopsetta spp. were
characterized by a single cranial spine on the sphenotic bone that is smaller relative to that
in Syacium larvae; and, four to six simple spines on the preopercle that are large for a
flatfish, but are not as prominent as those in Syacium (Lyczkowski-Shultz and Bond 2004).
The base of the cranial spine can be crenulated with concentric rings at the periphery that
are difficult to see in less-developed stages. Pelvic fin orientation is a key identifier for
this genus: three pelvic-fin rays develop on the left side at ~ 3mm SL, at 5.3 mm SL finrays
develop on the right side; the left and right pelvic-fin bases are equal in length, but the left
base lies on the ventral midline whereas the right base is dorsal to the midline (Fahay 1983).
Post-flexion larvae have relatively high numbers of elongate anterior dorsal fin rays, and
the dorsal fin originates anterior to the eye (Gutherz 1971; J. Lyczkowski-Shultz, pers.
comm.).

Syacium — Larvae of Syacium spp. share many transitory larval features with larvae of
Cyclopsetta spp., but are easily differentiated from these by notable differences. For
example, compared to larvae of Cyclopsetta spp., larvae of Syacium spp. have larger,
heavier, and more ornate preopercular spines, a significantly larger cranial spine in smaller
larvae, fewer elongate dorsal-fin rays, and relatively shorter elongate pelvic-fin rays
(Gutherz 1971, Lyczkowski-Shultz and Bond 2004). Larvae of Syacium spp. can be
separated from those of Cyclopsetta spp. by pelvic fin orientation. Larvae of Syacium spp.
share the same pelvic orientation as Citharichthys larvae: left pelvic-fin base is longer that
the right, the right origin is anterior to the left, and the right base is lifted above the ventral
midline (Fahay 1983). Additional characters include a sharply hooked urohyal, crenulated
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cranial spine base, and a dorsal fin that does not originate anterior to the eye as in larvae of
Cyclopsetta, but rather, originates further back on the head. Larvae for two of three
Syacium species in the Gulf of Mexico are undescribed, and high taxonomic uncertainty
precluded any species-level identifications, so as a result, all specimens belonging to this
genus were identified as the taxon group Syacium spp.

Cynoglossidae (Tonguefishes):
The family Cynoglossidae in the Gulf of Mexico, consisting of 13 species within
the single genus Symphurus (Munroe 1998), presents a problematic group for larval
identification, because larvae of eight species remain undescribed. Description of larvae
and juveniles of this genus remains inadequate, demonstrated by the fact that many species
share morphological features and overlap in meristic diagnostics (Munroe et al. 2000).
Given the high degree of uncertainty in identifications of larvae of members of this genus,
all specimens that belong to this family were identified as Symphurus spp.

Faunal Composition and Abundance.
The larval and juvenile pleuronectiform assemblage in pelagic waters of the
northern offshore Gulf of Mexico comprised 11 genera divided among four families:
Bothidae (5 genera); Paralichthyidae (4 genera); Poecilopsettidae (1 genus); and
Cynoglossidae (1 genus). Specimens collected ranged in size from 2 to 69 mm SL - the
smallest specimen was a pre-flexion bothid larva, and the largest was a juvenile
poecilopsettid (Poecilopsetta spp.). The majority of specimens were collected in the larval
phase (95%), with less than 5% of individuals in the juvenile stage or undergoing
transformation (Table 2).
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Table 2. Pleuronectiform specimens collected during the 2010-2011 Offshore
Nekton Sampling and Analysis Program. N = total number of specimens per lifehistory stage (larvae, transforming larvae or juvenile) and total number of
specimens collected. Size range is the minimum to maximum standard length in
millimeters per taxonomic unit

Comparison of Gear Type.
Table 3 lists the ranked abundances of all flatfish taxa collected during ONSAP
with either a 10-m2 MOCNESS or large, dual-warp trawl gear. A Spearman’s correlation
was run to determine the relationship between flatfish taxa collected by gear type in order
to examine their relative taxonomic selectivity. There was a weak, positive monotypic
correlation between the taxa collected with MOCNESS and dual-warp gear (rs = 0.3916,
n = 12, df = 10, p = 0.2367), indicating that data generated from surveys utilizing different
sampling gear should not be analyzed together (Figure 4).
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Table 3. Flatfish catch per unit effort (No. 10 minutes) and rank of taxa and taxon
groups for the two gear types used during ONSAP

-3

Figure 4. Catch per unit effort (No. 10 minutes) of flatfishes collected with a large,
dual-warp trawl verses 10-m2 MOCNESS.
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Subsequent to the five-most abundant orders of pelagic fishes collected
(Stomiiformes, Myctophiformes, Perciformes, Anguilliformes and Stephanoberyciformes,
in decreasing order), Pleuronectiformes were the 6th-most abundant, at 645.40 individuals
per million cubic meters (10-6 m-3) of water filtered. The three-most abundant families
collected from the surface to 1500 m were the Gonostomatidae (bristlemouths),
Myctophidae (lanternfishes) and Sternoptychidae (hatchetfishes), which made up ~90% of
all fishes collected. The flatfish families Bothidae and Paralichthyidae were the 6th- and
11th-most abundant families of fishes collected (458.56 and 162.95 individuals 10-6 m-3,
respectively). In the epipelagic zone, representatives of the flatfish genus Bothus were the
6th-most abundant taxon collected during the MS7 survey, following four species of
vertically migrating myctophids, and members of the genus Cyclothone (Figure 5).

Figure 5. Standardized abundance of the top 10 fish taxa and taxon groups
collected in the epipelagic zone (0 – 200 m) during the MS7 survey.
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During all three M/V Meg Skansi surveys, 2125 pleuronectiform specimens were
collected, representing four families and 11 genera. The assemblage was dominated
numerically by five taxon groups, listed in decreasing order of abundance: Bothus spp.,
Citharichthys spilopterus, Trichopsetta ventralis, Syacium spp. and Citharichthys spp.
(Table 4). These five taxon groups combined represented 90-95% of the flatfish specimens
collected during each survey, with the numerically dominant genus Bothus accounting for
44% (MS6), 80% (MS7) and 55% (MS8) of specimens collected.

Table 4: Faunal composition (N = raw count) and abundance (No. ind. 10-6 m-3) of
larval and juvenile flatfish specimens collected during M/V Meg Skansi surveys
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Pleuronectiform taxa collected from the surface to 200 m were generally collected
in higher abundance at night, with the exception of Poecilopsetta spp. (N=46), Engyophrys
senta (N=13) and Monolene sessilicauda (N=3), which were collected in higher numbers
during day collections (Figure 6). The abundance of the numerically dominant taxon
group, Bothus spp., increased more than two-fold from day to night, and given an alpha
level of 0.05 and a p-value of 2x10-4 of the Wilcoxon test, we can reject the null hypothesis
that there were no significant differences in larval abundance and solar cycle. There were
differences in abundance of day and night collections of early life stages of Bothus spp.
We failed to reject the null hypothesis for both larval Citharichthys spilopterus and
Trichopsetta ventralis, indicating that these taxa had no significant differences in larval
abundance and solar cycle.

Figure 6. Standardized abundance (No. 10-6 m-3) of all flatfish specimens collected
during M/V Meg Skansi surveys by solar cycle, from 0 to 200 m.
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Seasonal Occurrence.
Bothus spp. had the highest estimated abundance in March, June and August, and
were collected in the lowest abundances in January, April and July (Figure 7). Larval
Citharichthys spilopterus were only collected in the offshore region during January,
February and March, with abundance increasing. Larval Trichopsetta ventralis occurred
in relatively lower abundances consistently throughout the sampling period every month
except for April.

Spatial Occurrence.
Vertical Distribution.
The majority of young Pleuronectiformes collected during 2011 occurred in the
highest abundances in the epipelagic zone (Figure 8). The dominant taxon group, Bothus
-6

-3

spp., occurred in relatively high abundance (243 ind. 10 m ) in the epipelagic zone at
-6

-3

night, but also had a consistent occurrence of 1 to 8 individuals 10 m between 200 and
1500 m. Larvae of Citharichthys spilopterus were also most abundant in the epipelagic
-6

-3

-6

-3

zone at night (38 ind. 10 m ), and were collected in lower abundance (< 1 ind. 10 m per
depth interval) between 200 and 1200 m, predominantly at night. Larvae of Trichopsetta
ventralis were collected in the epipelagic zone in relatively even proportions during both
-6

-3

-6

-3

day (26 ind. 10 m ) and night (33 ind. 10 m ) sampling, and had sporadic occurrences
up to 1500 m depth. Larvae of Syacium spp. and Citharichthys spp. were most abundant
-6

-3

in the epipelagic zone at night (35 and 12 ind. 10 m , respectively), but were also collected
-6

-3

in the meso- and bathypelagic zones in lower abundances (< 2 ind. 10 m ). Larvae of
Poecilopsetta spp., Monolene sessilicauda and Engyophrys senta were most abundant in
-6

-3

the epipelagic zone during the day (< 10 ind. 10 m ). The vertical distribution of
-

Chascanopsetta lugubris was generally restricted to the epipelagic zone at night (5 ind. 10
6

-3

m ), with one occurrence between 200 and 600 m during the day.
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Figure 7. Seasonal occurrence of the top three most abundant flatfish taxa and
taxon groups collected at night during an M/V Meg Skansi survey.
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Figure 8. Vertical distributions of all flatfish taxa and taxon groups collected during M/V Meg Skansi surveys, showing
diel vertical distribution.

Seasonal interpolated vertical distribution of larvae of Bothus spp. relative to
bathymetry (200-m, 1000 -m, 2000-m and 3000-m bathymetric contours are shown in
Figure 9) of the offshore Gulf of Mexico was investigated for each season sampled. During
the winter sampling survey, larvae of Bothus spp. were largely collected in the epipelagic
zone across the sampling grid. A few samples contained specimens that were collected
deeper than 600 m, located along the boundary of the 2000-m isobath and on the eastern
edge of the sampling grid beyond the 3000-m isobath (Figure 9a). During the spring/early
summer survey, larvae of Bothus spp. were collected exclusively in the epipelagic zone in
the northern-most portions of the sampling grid, north of ~27.5°N. South of ~27.5°N,
larvae of Bothus spp. were collected below 600 m at 14 offshore stations spread across the
sampling grid from east to west (Figure 9b). Sampling in the late summer also indicated
deeper occurrences offshore and near the 2000-m isobath, whereby larvae were collected
between 600 and 1500 m from 18 offshore stations (Figure 9c). Important to note is that
larvae and juveniles of Bothus spp. that were collected from depths greater than 600 m
were also collected in higher abundance in the surface waters for the majority of stations
analyzed.
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Figure 9. Depth of occurrence of larvae and juveniles of Bothus spp. collected at
night during 2011 M/V Meg Skansi surveys in relation to bathymetry (meters) of
the northern Gulf of Mexico by season (a) Winter (b) Spring/early summer (c) Late
summer. Locations of quantitative night tows included in analyses are shown.
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In order to determine if an ontogenetic migration was occurring, the range of
standard lengths (mm) was plotted as a function of depth for each depth interval (Figure
10). Each bar indicated the minimum, maximum, and median size of all specimens of
Bothus spp. collected during the three M/V Meg Skansi surveys. This analysis indicated
that the size range of specimens taken in deeper waters were generally smaller than the
specimens collected closer to the surface.

Figure 10. Size range distribution with depth for larvae and juveniles of Bothus spp.
collected during all three M/V Meg Skansi surveys.
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Frequency of Occurrence.
Larvae and juveniles of Bothus spp. had a high frequency of occurrence (FO) in the
epipelagic zone, occurring in over 50% of all M/V Meg Skansi day trawls and 65-80% of
all night trawls (Table 5). Larval Trichopsetta ventralis occurred consistently in 22-28%
of day and night epipelagic trawls during MS6 and MS7, but occurred most frequently
during the MS8 survey with a 10% increase during night trawls. Larvae of Citharichthys
spp. and Syacium spp. had a consistent, but lower, relative FO during each survey, but these
were collected two-fold more frequently during MS6 and MS8 surveys than in the MS7
survey. Larval Citharichthys spilopterus were only collected during the MS6 survey, with
an increase in FO of ~1.5× at night. Larval Chascanopsetta lugubris demonstrated an 810% increase in FO from day to night during MS6 and MS7 trawls, and was collected in
4% of MS8 night trawls.

Table 5. Percent frequency of occurrence for all flatfish taxa and taxon groups
collected in the epipelagic zone by solar cycle (D=day, N=night) during M/V Meg
Skansi surveys
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Horizontal Distribution.
Across all M/V Meg Skansi surveys, larvae of Bothus spp. were the most frequently
occurring and abundant flatfish taxa; therefore, the interpolated horizontal and vertical
abundance of Bothus spp. collected during the diel period of highest capture rate was
analyzed by season. Figure 11 represents a three-dimensional visualization of regions of
higher abundance in the upper 200 m of the water column. During the winter survey
(Figure 11a), young of Bothus spp. were collected consistently (6 – 10 ind. 10-6 m-3) across
the sampling grid, and demonstrated two peaks of abundance in the eastern and northern
portion of the grid (19 ind. 10-6 m-3), shown in red. During spring/early summer (Figure
11b), a region of higher abundance (37 ind. 10-6 m-3) occurred in the southeastern portion
of the sampling grid, and during late summer (Figure 11c), a peak in abundance (37.5 ind.
10-6 m-3) was observed at the southern portion of the sampling grid. Interpolated abundance
below 200 m was less than 10 individuals 10-6 m-3 during each season that was sampled.
In order to get a more detailed view of the distribution of early life stages of Bothus
spp. in the epipelagic zone, the interpolated horizontal distribution of specimens collected
at night was analyzed by season and in relation to bathymetry (Figure 12: 200-m, 1000-m,
2000-m and 3000-m bathymetric contours are shown). Larvae of Bothus spp. were more
abundant in the waters offshore of the 2000 and 3000 m isobaths in winter and spring/early
summer (Figure 12a,b), while during late summer abundances peaked offshore around the
2000-m isobath (27°N, 89.5°W) and beyond the 3000-m isobath (27°N, 86.5°W; Figure
12c). Abundances in the western portion of the sampling grid during all seasons were
relatively low.
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Figure 11: Seasonal interpolated abundance of larvae and juveniles of Bothus spp. (No ind.
-6

-3

10 m ) collected at night during M/V Meg Skansi surveys (a) MS6, winter (b) MS7,
spring/early summer (c) MS8, late summer.
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-6

-3

Figure 12: Seasonal abundance of larvae and juveniles of Bothus spp. (No ind. 10 m )
collected at night in the epipelagic zone during M/V Meg Skansi surveys (stations included
in analyses shown as crosses). (a) MS6, winter (b) MS7, spring/early summer (c) MS8, late
summer.
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The spring MS7 assemblage distribution of the numerically dominant taxa Bothus
spp. in the epipelagic zone, differentiated by the time of capture (solar cycle), is shown in
Figure 13. Each circle represents the location where specimens of Bothus spp. were
collected, with size of the circle proportional to abundance. In order to investigate whether
the distribution of young of Bothus spp. was correlated with the oceanographic features
present during the three-month MS7 survey, the horizontal distribution is shown in relation
to HYCOM sea surface height and surface currents in the northern Gulf of Mexico (Figure
14). The Loop Current, consisting of warm saline water originating from the Yucatan
Straits, reached a maximum penetration in the Gulf of Mexico between 24-25°N during the
MS7 campaign. A large anticyclonic eddy, “Galileo,” shed from the Loop Current, was
the dominant mesoscale oceanographic feature of the northern Gulf of Mexico during the
study period. The quasi-linear cluster of higher abundances offshore appeared to have tight
spatial correlation with the northern boundary (convergence flow) of the Loop Current
eddy “Galileo” throughout the survey.

Figure 13: Epipelagic distribution of larvae and juveniles of Bothus spp. collected
during the MS7 survey, showing abundance (No. 10-6 m-3) in relation to
bathymetry. Day and night trawls are indicated by white and black circles,
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Figure 14. Correlation of oceanographic features present during the MS7 late spring/early summer 2011 campaign with
-6
-3
abundance (No. 10 m ) and distribution of larvae and juveniles of Bothus spp. collected in the epipelagic zone: (a) April
23 (b) May 12 (c) May 31 (d) June 19.

The seasonal horizontal distribution of larval Trichopsetta ventralis in the
epipelagic zone is shown in Figure 15. Larvae were concentrated in the western, central
and northern portions of the sampling grid in winter (Figure 15a) with the highest
abundances located between the 200- and 1000-m isobath at ~90°W. Larval T. ventralis
were spread more evenly throughout the sampling grid in spring/early summer (Figure
15b), occurring predominantly in lower abundances. The distribution pattern is skewed
offshore, where the majority of occurrences were near the 2000- and 3000-m isobaths. Late
summer (Figure 15c) larvae were more concentrated in the central, northern and eastern
portions of the sampling grid, near or beyond the 1000-m isobath. A higher frequency of
occurrence was observed during the late summer survey as well as a peak in abundance
almost twice that during the other seasons. The size range of specimens collected during
each season was 9 to 33 mm SL in winter, 5 to 26 mm SL in spring/early summer and 5 to
29 mm SL in late summer. These data show a relatively consistent size range across
seasons.

41

42

Figure 15: Seasonal epipelagic distribution of larval Trichopsetta ventralis collected during the (a) Winter (b) Spring/ early
summer and (c) Late summer 2011 M/V Meg Skansi surveys - white circles = day, black circles = night.

The horizontal distribution of Citharichthys spilopterus is shown for winter 2011,
the only season in which they were collected. Higher abundances of C. spilopterus were
found closer to the 200 m isobath, with an increase in frequency of occurrence at the
northern-most stations, and lower abundances south of 27.5°N (Figure 16).

Figure 16: Epipelagic distribution of larval Citharichthys spilopterus collected
during the MS6 survey. Day and night trawls indicated by white and black circles,
respectively.
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DISCUSSION
This study reveals that young flatfishes are an intrinsic component of the Gulf of
Mexico oceanic ichthyofauna. The early life stage (ELS) pleuronectiform collection
generated as a result of the Offshore Nekton Sampling and Analysis Program is one of the
largest in existence, thus enabling the first large-scale discrete-depth distributional analysis
of pelagic larval flatfishes. Young pleuronectiforms collected during this study represent
four of the five families and 11 of the 18 genera known to occur in the Gulf of Mexico as
adults. Bothus spp. were the numerically dominant taxa in all surveys, occurring in 6580% of all M/V Meg Skansi night tows conducted in the epipelagic zone. Note that all data
are minimum estimates due to potential extrusion.

Faunal Composition.
The major taxa constituting the offshore pelagic larval and juvenile assemblage
were largely shallow-water species as adults, occurring in neritic waters on the inner and
outer continental shelf (i.e., Bothus spp., Citharichthys spilopterus, Trichopsetta ventralis,
Syacium spp, Citharichthys spp. and Cyclopsetta spp.). Taxa whose adult phase inhabits
deeper water, from 650 to 1600 m, were collected less frequently and in relatively lower
abundances during this study (i.e., Poecilopsetta spp., Chascanopsetta lugubris,
Symphurus spp. and Monolene sessilicauda). While this is an interesting finding, the
relationship between spawning and nursery habitats for the majority of flatfishes is not
known, especially subtropical and tropical species, therefore more sampling is needed to
better understand the potential connectivity of oceanic and coastal habitats.
Only two taxon groups in this study were represented by less than 10 individuals
(i.e., Symphurus spp. and Monolene sessilicauda), and one taxon group was represented by
a single specimen (Etropus spp.). All species of Etropus live in shallow waters, occurring
from the coastlines to a maximum depth of 65 m (Munroe 2002d), with a smaller size at
transformation (10 – 15 mm SL; Tucker 1982), making their occurrence in offshore pelagic
waters relatively unexpected. Conversely, the low abundance of ELS for Symphurus spp.
and M. sessilicauda are difficult to explain, as both taxa occur as adults in deeper waters
on the outer continental shelf and upper continental slope, i.e., between 110 and 550 m for
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M. sessilicauda and up to about 1500 m for some species of Symphurus (Munroe 2002b,
c).
The relative rarity of individuals belonging to the genus Symphurus is
counterintuitive, as they were expected to be a larger component of the offshore
assemblage of flatfishes since they live in deeper waters as adults. However, if the largest
discrete-depth sampling program to be conducted in this region collected very few
individuals of this genus, it may be hypothesized that the larvae stay in the deeper waters
where they were spawned, and are not transported further offshore during the larval phase.
Knowledge of the early life history stages of species in this genus is severely limited, and
more discrete-depth sampling is needed to better understand their utilization of the pelagic
environment.
Larval stages of the three species of Paralichthys that occur in the Gulf of Mexico,
which include the two dominant commercially harvested species P. albiguta and P.
lethostigma, were not found in offshore waters. The peak spawning season of P. albiguta
and P. lethostigma is November to January in offshore waters up to 60 m depth, and adults
of P. squamilentus also spawn offshore during winter (Munroe 2002d). Following a winter
spawn on the continental shelf, larvae and young of Paralichthys drift passively toward
estuaries with prevailing currents (Vanderkooy 2000) and therefore do not utilize the
offshore pelagic environment for development. Representatives of the family Achiridae
were also not collected during ONSAP, despite the fact that three genera and six species
occur in the Gulf of Mexico, in depths to about 300 m (Munroe 2002a). The relatively
small size at transformation (3 – 5 mm; Zapfe 2004) of achirid larvae could explain their
absence in the offshore pelagic samples, as individuals in the larval phase, even if present,
were likely too small to be collected with a 3-mm mesh MOCNESS.
The majority of ELS flatfish taxa were collected in higher abundances during night
trawls.

More notably, young of Bothus spp. were collected in significantly higher

abundances during night collections. Patchiness in the water column is one possible
explanation for higher abundances of these larvae in catches made at night. Spatial
patchiness in fish eggs and larvae is high (Smith 1973, Hewitt 1981), and their distribution
can be related to a variety of factors, including spawning location of adults, larval behavior,
distribution of prey and physical processes (Houde and Lovdal 1985, Mcgurk 1986).
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Another possible explanation for this phenomenon would be the ability of ELS of
flatfishes to actively avoid the net during day trawls, resulting in lower observed
abundances.

In comparison to strong swimming reef-fish larvae with an average

swimming speed of ~10-15 BL s-1 (body length per second; Leis and Carson-Ewart 1997),
those flatfish larvae that have been studied have a slower, more lethargic swimming speed
of 1 BL s-1 (Hubbs and Blaxter 1986). Though larval flatfishes are considered weak
swimmers, as they develop, they acquire features that enable them to control their vertical
position in the water column. By changing their position only a short distance, they may
preferentially select to reside in fast-moving currents that directly influence their direction
and speed of transportation (Bailey et al. 2005).
Vertical migration, especially in relation to tidal currents (selective tidal-stream
transport), has been described for a variety of larval flatfish taxa: Platichthys flesus and
Limanda limanda (Campos 1996) and Pleuronectes platessa (Rijnsdorp et al. 1985) in the
North Sea; Paralichthys olivaceus in Japan (Tanaka et al. 1989, Burke et al. 1995); and
Platichthys flesus in the Wadden Sea (Jager 1999). The fine-scale control of their vertical
position during certain tidal stages enables these flatfishes to use selective horizontal
transport. Diel vertical migration was found to yield a higher abundance of larvae at the
surface at night, and close to the seabed during the day which resulted in a net onshore
movement toward tidal inlets and estuarine nursery areas with the flooding tide (Gibson
1997). It is feasible to assume that ELS flatfish taxa in the open ocean are also able to
actively control their vertical position in the water column, thus enabling them to avoid a
net better during the day than at night.
Results of the comparison of species abundance collected using different trawl gear
indicated a high degree of gear selectivity; the faunal composition and abundance of ELS
flatfishes collected with the MOCNESS differed from that collected using the large, dualwarp trawl gear. Five flatfish taxa collected with the MOCNESS were not taken with the
dual-warp trawl, supporting the idea that each gear type is selective for certain taxa. As a
result, data from surveys utilizing different gear types should not be analyzed in
combination.
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Seasonal and Spatial Distribution.
A discussion of the seasonal and spatial distribution patterns for the three taxa that
occurred most frequently in the epipelagic zone will follow. Similar spatial analyses could
not be generated for some taxa because they were collected relatively infrequently during
this study, which included Cyclopsetta spp. (N=36), Chascanopsetta lugubris (N=29), and
Engyophrys senta (N=17); Symphurus spp. and Monolene sessilicauda were represented
by less than a total of 10 specimens each, and Etropus spp. was represented by only one
individual. The remaining taxa were collected more frequently, but have high taxonomic
uncertainty (i.e., Syacium spp., Citharichthys spp. and Poecilopsetta spp.), in which a large
portion of species have undescribed larval phases, making it difficult to interpret their
distributional results without further taxonomic resolution.

Bothus spp.––
Early life stages of Bothus spp. were the dominant component of the offshore
pelagic pleuronectiform assemblage in the northern Gulf of Mexico, though as adults these
species inhabit shallow, neritic waters from the shore to a maximum depth of 95 m (Munroe
2002b). All species of Bothus have a long pelagic larval stage of development beyond the
shelf in oceanic waters that can last up to one year (Kyle 1913, Evseenko 2008a). Larvae
of these species characteristically have a larger range of size at transformation (~16 – 40
mm SL; Lara 2004) compared with that of many other flatfish taxa. Species of Bothus
spawn year-round, with a possible major spawning peak in July and a minor peak in
December (Jutare 1962). In the western Atlantic, Smith et al. (1975) collected larvae of
Bothus spp. in highest abundance in May and November, where they were concentrated
near the edge of the continental shelf between Cape Hatteras and Cape Lookout, North
Carolina.
While a yearly phenomenon for larvae of Bothus spp. cannot be determined by the
results of this study, a descriptive perspective on seasonal occurrence and spatial
distribution will be presented. Seasonal patterns of occurrence indicated a peak in larval
abundance that lagged three months behind a possible minor spawning period in December.
A drastic drop in abundance in April was followed by a gradual increase until the secondhighest peak in June, one month before the possible major spawning period in July. Since
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the M/V Meg Skansi did not sample during the months of October, November or
December, it is difficult to correlate observed seasonal patterns of occurrence to previous
studies. However, these findings support the hypothesis that Bothus spp. spawn year-round,
as pelagic larvae were found offshore in relatively high abundances and in a wide range of
sizes throughout the year. Conversely, since the larvae of Bothus spp. were not identifiable
to species, it is possible that there is seasonal variability among the four species so that
larvae of Bothus appear year-round.
Early life stages of flatfishes are generally thought of as holoepipelagic with their
vertical distribution isolated to the upper 200 m of the water column in the pelagic
environment; however, results of this study indicated that ELS of Bothus spp. had a less
frequent, but consistent occurrence in samples between 200 and 1500 m. A seasonal
analysis of the vertical distribution of larvae of Bothus spp. indicated that they were
collected south of 28°N in offshore waters greater than 600 m in the spring and summer,
and at a few stations north of 28°N in winter, making it appear that young Bothus moved
deeper in the water column as the year progressed. If the deeper occurrences were a result
of an ontogenetic migration, one would expect the deeper occurring individuals to be
larger, indicating their readiness to settle out of the water column in search of suitable
habitat. The results of a size vs. depth analysis of larvae of Bothus spp. from all M/V Meg
Skansi surveys showed that generally, larger individuals were collected closer to the
surface, and that size range of individuals collected decreased with depth. This finding
could indicate that an ontogenetic migration was not occurring; however, the smaller range
of sizes at depth could be confounded by productivity in the water column. Individuals
may have been smaller at depth because of the decreased primary and secondary
productivity in waters below the photic zone, which would lead to a more sparse food
source and slower growth rates at depth.
Based on their general absence, flatfish larvae and juveniles are not adapted to
living in the extreme environments of the meso- and bathypelagic zones, making it unlikely
that the deep-occurring specimens captured during this study were actively choosing to
reside at those depths. Though unlikely, it is possible that the deep occurrences were an
artifact of accidental capture. Small larvae that were collected in the surface layer could
have slipped through the 3-mm mesh to the nets underneath that had already sampled the
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deeper layers, making it appear that these small larvae were collected at depth when in
actuality they were not. Small larvae also have the potential to slide between the bars of
the closed nets that had already sampled the deep layers when the surface layer was being
sampled, also causing a misleading depth of occurrence. More sampling is needed to
explore these hypotheses.
Seasonal variation in abundance of larvae of Bothus spp. in the epipelagic zone
indicated that the overall areas of higher abundance during winter and spring/early summer
were located in the eastern portion of the sampling grid, beyond the 2000-m isobath.
During these seasons, the Loop Current eddy was the dominant oceanographic feature in
the region, and persisted from January through May, centered at ~26°N and 87°W. The
higher abundances of this group in the eastern portion of the grid appear to be coupled with
the consistent presence of the anticyclonic mesoscale eddy, and its concomitant
convergence flows at the northern margin, in the region. Western portions of the sampling
grid contained lower abundances throughout the sampling program, which also supports
this idea.
Two regions of higher abundance were identified in late summer centered at ~27°N,
one beyond the 3000-m isobath, and one beyond the 2000-m isobath at ~89.5°W. During
the late summer sampling period, a mesoscale Loop Current eddy persisted in the northern
Gulf of Mexico, centered at ~26°N, 89°W from mid-July through August 10, 2011 (Figure
17a) with fast-moving convergence flows along the periphery of the eddy (Figure 17b).
The anticyclonic eddy began to migrate west in mid-August, and remained centered at
~26°N, propagating west to ~91°W by early-September.

As the eddy continued to

propagate southwest throughout September, the Loop Current extended north, and the
northern frontal boundary intruded between 26° and 27°N, extending horizontally from
~85° to 88°W (Figure 18a, b).
The two distinct oceanographic features that were present during the late summer
sampling period were spatially correlated with the two peaks of larval abundance of Bothus
spp. One occurred near 27°N, the western peak, which could be attributed to the northern
convergence flow of the westward-migrating mesoscale eddy present during the beginning
of the sampling period, and the eastern peak, which could result from the northward
extension of the Loop Current during the latter part of the sampling period.
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A detailed analysis of the horizontal distribution of larvae of Bothus spp. during the
spring/early summer survey showed higher abundances in a semi-linear cluster offshore of
the 2000-m isobath. Relatively lower abundances occurred frequently throughout the
sampling grid, with the majority collected in the eastern and central portions. In order to
explain the cluster of higher abundances offshore around ~27.5°N and 88°W, the
epipelagic distribution of larval Bothus in relation to sea surface height and currents
revealed that the majority of these larvae were found at or near the Loop Current eddy
convergence flows along the northern boundary, with the exception of a small cluster
surrounding the DWHOS site to the north of the eddy. Abundances within the eddy were
lower than those at the boundary, which is expected since anticyclonic eddies are
considered oligotrophic with limited primary productivity (Zimmerman and Biggs 1999).
Young Bothus spp. were likely more abundant at the northern boundary because the
anticyclonic-cyclonic frontal zone interaction created a convergence zone that physically
concentrated larvae and perhaps their zooplankton prey, which could then lead to increased
larval survivorship.
Variability in the Loop Current has the potential to directly influence recruitment
of ELS flatfishes. If a stronger convergence zone leads to higher abundances, then during
a year with weak convergence zone and Loop Current extension, lower abundances would
be expected. Environmental change that would alter the development of the Loop Current
has the possibility to have profound effects on pelagic larval flatfish distribution,
abundance and survivorship. Multi-year analysis from 1980 through 2010 revealed that
concentrations of bothid larvae generally decreased over the inner continental shelf of the
Gulf of Mexico, and larval abundances decreased the most over the western continental
shelf region (Muhling et al. 2012). Results of this study revealed that in the offshore Gulf
of Mexico, the western portion of the sampling grid was also characterized by the lowest
abundances of young Bothus spp., providing an offshore component to support the findings
of Muhling et al. (2012). The offshore distributional and compositional baseline data
generated in this study will aid in tracking changes in the pelagic early life history phase
of these flatfish taxa and will enable the comparison of genus- and species-level
abundances over time and in response to changing environmental conditions.
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Figure 17. a.) HYCOM sea surface height (cm) b.) HYCOM surface currents (cm s-1)
during the late summer sampling period, showing mesoscale features on August
10, 2011.
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Figure 18. HYCOM sea surface height (cm) b.) HYCOM surface currents (cm s-1)
during the late summer sampling period, showing the westward propagation of
the Loop Current eddy and the northern extension of the Loop Current on
September 26, 2011.
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Trichopsetta ventralis––
The reproductive behavior of Trichopsetta ventralis has not been well studied,
likely because this species is of no interest to fisheries (Munroe 2002b). The lack of
knowledge regarding their life history makes it difficult to relate the abundance and
distribution of pelagic larvae to biological attributes of the adult; consequently, results for
this taxon are primarily descriptive. The distribution of T. ventralis larvae and adults is
spatially distinct - adults are restricted to the nearshore northern and southern Gulf of
Mexico, from depths of 30 to 115 m (Munroe 2002b). Futch (1977) captured larvae in the
oceanic Gulf of Mexico in oblique tows from 400 m to the surface, noting that they are
“long distance” or “teleplanic” larvae well adapted to planktonic life. In the southern Gulf
of Mexico, all pleuronectiform larvae collected by Flores-Coto et al. (1991) occurred
largely over the continental shelf, except for T. ventralis, which had an oceanic distribution.
Results of this study demonstrated that larvae of T. ventralis were the secondranking taxon numerically and their spatial distribution was largely restricted to the
epipelagic zone. Though seasonality cannot be established, T. ventralis larvae occurred
consistently, in lower abundances throughout the survey period (January – September) with
the exception of April. Temporally, T. ventralis larvae were most abundant and occurred
most frequently in the late summer, but spatially, their highest abundance occurred in the
winter at a station close to the 200-m isobath.
Though the exact spawning period is not known, it can be hypothesized that in 2011
spawning occurred during spring/early summer, resulting in a peak in the offshore pelagic
larval assemblage by late summer. A decrease in the offshore abundance during winter,
with a peak towards the continental shelf break, indicated a possible movement towards
northern nursery grounds on the inner continental shelf. An ontogenetic correlation with
season was not discernable, as all larvae collected had a similar size range throughout each
season.
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Citharichthys spilopterus––
During the MS6 survey in winter/early spring, Citharichthys spilopterus was the
second-most frequently occurring and abundant flatfish taxon. Larvae were only collected
during January, February and March, in order of increasing abundance. Adults of this
species inhabit depths less than 75 m (Munroe 2002d), and only a few studies have been
conducted on the spawning and distribution of ELS of C. spilopterus in nearshore
environments. Larvae in the Gulf of Mexico off Texas appeared in collections from
September through April (Tucker 1982), and in Barataria Bay, Louisiana, peak recruitment
of individuals 8 to 15 mm SL also occurred in winter and spring, with the lowest levels of
abundance reported during summer and fall (Allen and Baltz 1997). Peak abundance of
larval C. spilopterus in Newport River Estuary, North Carolina, occurred in early March
(Warlen and Burke 1990). Also, in the Mamangua Inlet, Rio de Janiero, Brazil, spawning
occurred during March and May (Dias et al. 2005) during the late fall and winter in the
Southern Hemisphere.
In this study, the horizontal distribution of C. spilopterus suggested that larvae were
more abundant closer to the continental shelf break in winter, and did not occur in the
offshore pelagic during spring or summer. All larvae collected offshore were 5 – 10 mm
SL, near the threshold for size at transformation (9 to 11 mm SL; Tucker 1982). The
distributional pattern simulated an onshore movement towards nearshore estuarine areas,
supporting the findings of Allen and Baltz (1997) of a winter-through-spring recruitment
in a nearby Louisiana estuary. This cross-margin movement was likely achieved through
the passive transport by favorable surface currents. Results from this study suggest spatial
and temporal connectivity of the offshore pelagic larval phase with the transforming larval
and juvenile phases which were shown to peak in a coastal estuarine ecosystem in late
winter (Allen and Baltz 1997).

Future Research.
Many studies on ELS of flatfishes are taxonomically limited, with focus in these
studies solely on identifying specimens to family, thus making it difficult to compare
composition and distributional information of taxa across studies. Additionally, a large
gap remains in our knowledge of the early life history stages of many flatfish taxa, as these
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stages remain formally undescribed for a large number of species and two entire genera
that occur in the Gulf of Mexico.
In order to achieve greater taxonomic resolution and enable the confident
identification of specimens to the species-level, identifications of larvae may be facilitated
with DNA analysis.

The Gulf of Mexico Research Initiative Deep Pelagic Nekton

Dynamics of the Gulf of Mexico (DEEPEND) Consortium is performing genetic analysis
on all fish taxa collected in the offshore northern Gulf of Mexico, including all ELS of
pleuronectiform taxa. Results from DEEPEND regarding the identification of larval and
juvenile flatfishes will be instrumental in increasing our knowledge of characters useful for
identification of early life history stages of flatfishes, and will help identify and/or describe
challenging and undescribed taxa.
Furthermore, while larvae of flatfishes are largely acknowledged to have potential
for dispersal, our knowledge regarding the connectivity of offshore spawning areas and
inshore nursery habitats for a large portion of tropical and subtropical species remains
inadequate. Duffy-Anderson et al. (2015) suggest that this lack of primary knowledge
represents a major insufficiency in our understanding of population dynamics of these
species, which hinders the development of effective management and conservation
strategies. This study provided large-scale baseline knowledge of the faunal composition
and distribution of ELS of flatfishes in the offshore Gulf of Mexico, which is a necessary
component for population dynamics modeling efforts. Combining these data with what is
known regarding other life stages of flatfishes in the region will aid in identifying the
relative importance of each life stage to population growth and fisheries yield.
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CONCLUSION
This study provides the first large-scale distributional analysis of pelagic ELS of
flatfishes in the oceanic Gulf of Mexico. Though larval and juvenile Pleuronectiformes
collected in this region were not numerically dominant relative to other fish taxa, their
prevalence in samples makes them an intrinsic component of the offshore ichthyofauna.
Analyses of discrete-depth samples revealed an offshore reservoir of ELS flatfishes that
occurred throughout the year, with the highest abundances in the epipelagic zone.
The offshore assemblage was predominantly comprised of taxa that are shallow
water species as adults, occurring in neritic waters on the inner and outer continental shelf.
One of these inshore species, Citharichthys spilopterus, had a large reservoir of larvae in
the offshore epipelagic environment, and revealed specific temporal and spatial patterns of
distribution. Larval C. spilopterus were only present during three winter months, and were
most abundant at the northern-most stations that were closest to the continental shelf break.
This revealed a spatial and temporal connectivity between northern estuarine juvenile
nursery habitat use and the offshore pelagic larval phase for this species in the Gulf of
Mexico.
The dominant genus represented by these ELS fish is Bothus, and the four species
that comprise this taxon group are also inshore species as adults. Larval Bothus spp. had
significantly higher abundances during night collections, and demonstrated a tight coupling
of higher abundances at the convergence flow at the northern boundary of a Loop Current
eddy in spring/early summer. Two peaks in abundance of Bothus spp. were found in late
summer when the oceanographic features of the northern Gulf of Mexico included both a
northward Loop Current extension and a westward moving anticyclonic Loop Current
eddy.
Taxon-specific patterns generated during this study will provide information for
population dynamics modeling. The results of this study serve as baseline data against
which to detect changes in ecosystem structure due to changing oceanographic conditions
and/or human and environmental disturbance. Furthermore, combining flatfish data with
early life history data from other fish taxa will lead to a better understanding of ecosystemwide ichthyofaunal distribution patterns, thereby creating a baseline of biodiversity
information for this assemblage in the oceanic Gulf of Mexico.
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